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(57) ABSTRACT

A power supply circuit for an on board energy source or
storage device, and particularly for a super-capacitor storage
unit having a plurality of interconnected super-capacitors and
a first and a second terminal, includes a positive bus connect-
ing the first terminal to a positive pole of a DC high voltage
feeding source and a negative bus connecting the second
terminal to a negative pole of the high voltage feeding source;
and means for disconnecting the super-capacitor storage unit
from the high voltage feeding source after detecting circulat-
ing fault currents due to insulation losses to ground, which
include a high speed circuit breaker and a differential relay
that are connected in series along the negative bus, between
the second terminal and a grounding point, the differential
relay generating an activation signal of the high speed circuit
breaker in response to the circulation of a fault current.

6 Claims, 1 Drawing Sheet
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1
POWER SUPPLY CIRCUIT FOR ON BOARD
ENERGY SOURCE OR STORAGE DEVICE
AND PARTICULARLY FOR
SUPER-CAPACITOR STORAGE UNIT

FIELD OF THE INVENTION

The invention relates to a power supply circuit for an on
board energy source or storage device, and particularly for
super-capacitor storage units having a plurality of super-ca-
pacitors interconnected one to the other and a first and a
second terminal The circuit includes a positive bus connect-
ing the first terminal of the super-capacitor storage unit to a
positive pole of a direct current (DC) high voltage feeding
source, and a negative bus connecting the second terminal of
the super-capacitor storage unit to a negative pole of the DC
high voltage feeding source, the negative bus being connected
to ground at a certain grounding point. The circuit further
includes means for disconnecting the super-capacitor storage
unit from the high voltage feeding source in response to the
detection of fault currents circulation due to insulation losses
to ground of the super-capacitor storage unit.

BACKGROUND OF THE INVENTION

In on board energy source or storage devices, and particu-
larly in super-capacitor power devices according to the prior
art, the protection against fault currents due to insulation
losses of the storage module to ground is usually performed
by using a high speed circuit breaker on the positive high
voltage bus and a fuse on the negative high voltage bus. This
solution is critical because relatively high impedance may
limit the short circuit current to a value lower than the fuse
threshold. The fuse threshold is mandatorily sized over the
relatively high thermal current. These kinds of short circuits
are particularly dangerous as they may not immediately result
in a large current and therefore are less likely to be detected.
As aconsequence, current can circulate producing damage to
the devices or even fire due to overheating.

For the above reasons, a fuse is not suitable for detecting
and breaking fault currents of the same magnitude of operat-
ing currents under normal conditions, thus relatively low
currents can circulate for a long time producing damage to
devices or even fire without being detected.

In the following description and in the claims, for the sake
of simplicity the term super capacitor power unit or super-
capacitor storage unit are used to indicate whichever kinds of
on board power devices for storing and supplying electric
energy to a load consisting principally, but not in a limiting
way, in electric motors of the bogie of a locomotive.

Energy storage systems, such as super-capacitor energy
storage systems or other kinds of on board power devices are
of great interest for railway vehicles since they allow regulat-
ing and reducing energy consumption of such vehicles up to
aconsiderably large extent. Ensuring their safe operation is an
important issue, particularly in the field of transportation and
specifically in railway vehicles.

Since the components of such electric power storage units
are charged to high voltage differences, they are sensitive to
losses of insulation to ground so that fault currents can be
generated.

SUMMARY OF THE INVENTION

The present invention aims at avoiding the circulation of
dangerous currents in the case of loss of insulation to ground
and other faults having similar effects. More particularly, the
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present invention aims at overcoming the drawbacks of
known power supply circuits deriving from the use of a
simple fuse, which is not suitable to detect and break fault
currents under the current threshold that is needed to burn the
fuse, particularly fault currents of the same magnitude as the
normal operating currents.

The present invention achieves the above mentioned aims
by providing a power supply circuit for an on board energy
source or storage device, and particularly for a super-capaci-
tor storage unit having a plurality of super-capacitors inter-
connected one to the other and a first and a second terminal.
The circuit includes a positive bus connecting the first termi-
nal of the super-capacitor storage unit to a positive pole of a
DC high voltage feeding source and a negative bus connect-
ing the second terminal of the super-capacitor storage unit to
a negative pole of the DC high voltage feeding source, the
negative bus being connected to the ground at a certain
grounding point. The circuit further includes means for dis-
connecting the super-capacitor storage unit from the high
voltage feeding source in response to the detection of circu-
lating fault currents due to insulation losses to ground of the
super-capacitor storage unit. Such means for disconnecting
the super capacitor storage unit from the high voltage feeding
source include a high speed circuit breaker and a differential
relay, which are connected in series along the negative bus,
between the second terminal and the grounding point, the
differential relay being connected also in series in the positive
bus and capable of generating an activation signal of the high
speed circuit breaker in response to circulation of a fault
current detected by measuring the differences of the currents
in the positive and in the negative bus.

The adoption of a high speed circuit breaker on the negative
high voltage feeding bus allows an automatic intervention in
case of a high current while, in case of a low current, the
intervention is managed by differential relay.

Whichever kind of ground fault is detected by the differ-
ential relay causes the circuit breaker to open. Incase ofa high
fault current the circuit breaker’s intrinsic tripping device will
cause its opening as well. By installing the differential relay
and the circuit breaker between the negative high voltage bus
grounding point and the negative terminal of the super-ca-
pacitors pack, the invention allows detecting any kinds of
fault and opening the feeding line correspondingly, thereby
insulating the super-capacitor storage unit from the DC High
Voltage source.

The adoption of a circuit breaker instead of a fuse can
effectively prevent dangerous conditions when relatively low
currents can circulate for a long time producing damage to
devices or even fire without the possibility of detection.

An arrangement according to the present invention also
causes moderate cost increases, because usually, in power
supply circuits according to the prior art, a differential relay is
already provided and the state of the art solutions adopt a high
speed circuit breaker in the positive bus and a fuse in the
negative bus. Instead, in an arrangement according to the
present invention the high speed circuit breaker is provided in
the negative bus and the fuse is no longer necessary. Further-
more, a high speed circuit breaker is no longer needed on the
positive bus.

According to an embodiment of the present invention, a
simple disconnecting device may be provided on the positive
bus in order to ensure the same safety disconnection as the
prior art solutions. This disconnecting device, however, is not
required at all for breaking fault currents.

The features of the present invention and the advantages
thereof will be described with more detail by means of an
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embodiment of a power supply circuit and of the annexed
FIG. 1 representing a scheme of the circuit.

BRIEF DESCRIPTION OF THE DRAWINGS

The embodiment of FIG. 1 is directed to a power supply
circuit for super-capacitor storage units, and may be applied
as such or with minor modifications based on other kinds of
on board power storage devices, particularly for railway
applications or similar.

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

Referring to FIG. 1, a power supply circuit for charging/
discharging a super-capacitor power storage unit comprises a
positive and a negative bus which have respectively an input
terminal 1 and 2, between which the feeding line voltage of a
DC high voltage power supply is applied. A differential relay
3 is inserted in the positive and negative bus line 11 and 12.

The positive and negative bus lines 11 and 12 are connected
respectively to the positive and to the negative input terminals
401 and 402 of a super-capacitor power storage unit 4 by
means of a charging/discharging device, indicated generally
by 5, which is not described in greater detail since it is known
in the art and is not a part of the present invention.

The negative bus line 12 is connected to ground at a point
(C), which is between the input terminal 2 and the differential
relay input 302. The driving output 303 of the differential
relay 3 is connected to the driving input of a high speed circuit
breaker 6 by acommand line 7. The high speed circuit breaker
6 is inserted in the negative bus line 12 between the output of
the charging/discharging device 5 and the negative input ter-
minal 402 of the super-capacitors power storage unit 4.

The command line 7 may also connect a high speed circuit
breaker 9, which may be provided in the positive bus line 11
between the input terminal 1 of the power supply circuit and
the input 301 of the differential relay 3.

A disconnector 8 may be provided in the positive bus 11
between the positive output of the charging/discharging
device 5 and the positive input terminal 401 of the super-
capacitor power storage unit 4.

The block 13 indicates the occurrence of a fault to ground
due to insulation losses to ground of the super-capacitor
power storage unit 4. The unit 4 can be any kind of electric
active load and particularly an energy storage device or an
electric motor.

Referring further to FIG. 1, it is clear that whichever kind
of ground fault 13 is detected by the differential relay 3, a
driving signal is generated which causes the circuit breaker 6
to open the negative bus line 12. The differential relay 3
measures the difference of the currents flowing in the positive
and negative bus lines 11 and 12 at the input of the charging/
discharging device 5. By this arrangement, dangerous cur-
rents being generated in case of insulation losses of the super-
capacitors are detected and their circulations are prevented.

In case of high fault current, the circuit breaker intrinsic
tripping device will cause its opening as well. As it is known
to the skilled person, each circuit breaker unit is provided with
an electromechanical device which is used to bring the circuit
breaker to its off or open position when certain abnormal
electrical conditions occur, for example an abnormally high
current which is detected by the electromechanical device and
which drives the tripping of the circuit breaker.

In high voltage DC power supplies, the present invention
considers fault currents of an intensity above the differential
relay threshold (typical value for traction about 80 Amperes).
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It must be appreciated that in order to detect any kinds of
fault currents and open the feeding bus circuit, the differential
relay 3 and the circuit breaker 6 need to be installed between
grounding point (C) of the negative high voltage bus line and
the corresponding negative input terminal 402 of the super-
capacitor pack 4.

The dashed line I Fault-to-ground in FIG. 1 shows a pos-
sible path of a fault current, which can be generated due to an
insulation loss of a super-capacitor of the super-capacitor
storage unit 4. Ifthe current value is above a certain threshold
of the differential relay 3, then the differential relay will
control the electromechanical tripping device of the high
speed circuit breaker 6, causing the tripping of the circuit
breaker. [fthe current intensity is very high, there will be also
a direct response of the tripping device of the circuit breaker
6, determining a tripping action.

In order to get the same safety disconnection as in prior art
solutions, the simple disconnecting device 8 may be foreseen
on the positive high voltage bus. It should be noted that the
disconnecting device 8 is not required to be able to break fault
currents.

Furthermore, a second high speed circuit breaker 9 may
also be provided as shown in FIG. 1. The second high speed
circuit breaker 9 is also driven by the differential relay 3 and
has the function of breaking faults in the charging/discharg-
ing device only. Thus, as it appears clearly from the embodi-
ment of FIG. 1, the circuit according to the present invention
cannot be considered at all a symmetrization, on the negative
bus, of a known configuration adopted on the positive bus
according to the prior art. One aspect of the present invention
consists in placing a high speed circuit breaker 6 actuated by
a differential relay 3 on the negative bus and in a specific
position, between a charging/discharging device, more pre-
cisely between the grounding point indicated by (C) of the
negative bus and the super-capacitor storage unit on the nega-
tive pole.

While the invention has been described in connection with
the above described embodiments, it is not intended to limit
the scope of the invention to the particular forms set forth, but
on the contrary, it is intended to cover such alternatives,
modifications, and equivalents as may be included within the
scope ofthe invention. Further, the scope of the present inven-
tion fully encompasses other embodiments that may become
apparent to those skilled in the art and the scope of the present
invention is limited only by the appended claims.

The invention claimed is:

1. A power supply circuit for an on board energy source or
storage device, and particularly for a super-capacitor storage
unit having a plurality of super-capacitors interconnected to
one another and a first and a second terminal, the power
supply circuit comprising:

a positive bus connecting the first terminal of the super-
capacitor storage unit to a positive pole of a DC high
voltage feeding source;

a negative bus connecting the second terminal of the super-
capacitor storage unit to a negative pole of the DC high
voltage feeding source, the negative bus being con-
nected to ground at a grounding point downstream of the
DC high voltage feeding source; and

a disconnecting device configured to disconnect the super-
capacitor storage unit from the DC high voltage feeding
source in response to detection of fault current circula-
tion due to insulation losses to the ground of the super-
capacitor storage unit,

wherein the disconnecting device comprises a high speed
circuit breaker and a differential relay which are con-
nected in series only along the negative bus, and
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wherein, between the second terminal and the grounding
point, the differential relay is further connected in series
in the positive bus and is configured to generate an
activation signal of the high speed circuit breaker in
response to the fault current circulation detected by mea-
suring differences in currents in the positive and in the
negative bus.

2. The power supply circuit according to claim 1, further
comprising a second disconnecting device on the positive bus
which is configured to disconnect the super-capacitor storage
unit only from the positive pole of the DC high voltage feed-
ing source.

3. The power supply circuit according to claim 1, further
comprising a first device configured to detect fault currents
having an intensity higher than a predetermined threshold and
a second device configured to detect fault currents having an
intensity lower than a predetermined threshold, the first and
second devices configured to detect fault currents driving the
high speed circuit breaker when a fault current is detected.

4. The power supply circuit according to claim 3, wherein
the first device configured to detect fault currents comprises a
tripping device of the high speed circuit breaker, and wherein

6

the second device configured to detect fault currents com-
prises a differential relay driving the high speed circuit
breaker.

5. The power supply circuit according to claim 1, further
comprising:

a positive and a negative input terminal for the DC high

voltage feeding source; and

the positive and the negative bus connecting the DC high

voltage feeding source to the first and to the second
terminals of the super-capacitor storage unit,

wherein, on the negative bus, the negative input terminal is

connected to the ground and to a first input of the differ-
ential relay, and the positive input terminal is connected
to a second input of the differential relay, and

wherein a negative output of the differential relay is con-

nected to the high speed circuit breaker interposed
between the differential relay and the second terminal of
the super-capacitor storage unit.

6. The power supply circuit according to claim 5, further
comprising a charging/discharging unit interposed between
the differential relay and the high speed circuit breaker on the
negative bus.



